Based on Conceptual Blending Theory and Conceptual Metaphor Theory, and drawing on a rich body of empirical material from music psychology and ongoing fieldwork research data collected in three countries, we review visual representations of music as a blended domain between music and 2d images, giving rise to the concept of musical shape. As we describe the mechanisms that seem to influence this blend, based on physiological parameters (primary sensory motor skills) and variable cultural denominators with a particular emphasis on the representation of time, we put forward a "Model of Perceptual Modalities". Here, music interacts with components of other domain spaces (imagery) while being informed by cognitive metaphors (both culturally specific and human-universal) so as to provide a simple but enriched theoretical understanding of the relation between music and shape.
abstract might be constructed through analogical extensions of more experience-based domains from the "real" world (e.g. Fauconnier & Turner, 2002; Lakoff & Johnson, 1980) , with applications ranging from performance practice (see Stefanou, this issue) to music emotions and psychology of music (Spitzer, this issue) and to mappings between music and text (Zbikowski, this issue) . For two-or three-dimensional (henceforth 2d or 3d) mental and visual representations of abstract domains in CMT, we borrow and deploy representations that we have developed for more tangible and concrete domains. In a related but not identical way, in CBT this relationship between domains is seen as more dynamic -with both the abstract and the concrete representations being mapped according to underlying "optimality" principles. These principles are envisaged in the theory as five high-level, functional constraints on the blending process. One of them, for instance, is "integration", which requests that the scenario in the blended space should be a well-integrated scene (cf. Grady, Oakley, & Coulson, 1999) . In turn, such a blending process gives rise to new, emergent structures in the "blended" space. In the particular domain discussed in the present paper, this emergent space between music and visual mental imagery is what has been broadly defined as "musical shape".
In this article the focus will be on blending the domains of music and visual representation in 2d space, with a hypothesis that, beneath the construction of temporal muso-visual representations in time, an underlying mechanism exists which we present in a model of "perceptual modalities". The focus is, therefore, on visuo-musical connections, yet it should be noted that CMT and CBT do not view image-schematicity as necessarily only visual. For example, the originator of image schema theory Mark Johnson (1987) claims that visual schema representations are just a matter of convenience, but should not be viewed as rich images. Likewise, some authors prefer to embrace the notion of "force" as the root of conceptual thinking (in language, Talmy, 1988; in music, Larson, 2012 ). Yet, the visuo-spatial origin of concepts remains the golden standard in conceptual semantic theories and, as such, directly pertains to the topic of the present paper. Regardless of the fact that the blended space between music and 2d/3d image is a well-known concept and used frequently amongst musicians, often with the term "musical shape", a common understanding of the latter term is elusive. The reason for this is that the domain spaces (music parameters and visual representation in 2d space such as path, movement, space, among others) informing the blended space are often bound to the musicians' original cultural background.
In this work, the analysis of musical shape as the target domain will be based upon previously collected empirical data in a quest to define the operating observable perceptual and cultural parameters that influence the domains in which music and 2d images interact, defining musical shape as a 2d/3d printed image which represents musical information, and represents the blend between the domain space of music and image. The empirical material informing this investigation draws on the results of an ongoing exploratory fieldwork research project which has produced data from 2010 onwards. Participants were chosen to represent both literate and non-literate societies, and recruited at five sites: (i) British musicians in the UK; (ii-iii) Japanese musicians in Tokyo and Kyoto with or without prior knowledge of English and Western Standard Notation (henceforth WSN); (iv) language/WSN literate Papua New Guinean highlanders in Port Moresby; and (v) non-literate BenaBena tribe members from the Eastern Highlands province in Papua New Guinea, henceforth referred to as Papuan traditional (for more information regarding the participating groups, see Athanasopoulos & Moran, 2013) . They were first asked to represent brief musical sequences on paper in an open free-drawing task, and then to match these sounds with pre-drawn sets of marks that differed in directionality and shape in a subsequent forced-choice task. For the purposes of the present paper, major focus will be given to the forced-choice design results, in which participants from varying cultural and musical backgrounds paired auditory stimuli varying in pitch with hypothesized congruent and incongruent 2d visual stimuli. There are a number of reasons why, for this article, the results from the forced-choice study are presented instead of the free-drawn representations. The ongoing study was conducted cross-culturally, and participants in their free-drawn representations tried to incorporate a wide list of elements linking music and image as i) a visual representation of the overall musical surface, ii) an analogy of specific music parameters (i.e. pitch, duration, tempo, loudness) and how these change over time, iii) performance and interpretation techniques (i.e. articulation). The difficulty of discerning these concepts from each other is considerable, particularly as participants demonstrated significant cross-cultural variations in their responses. However, in the forced-choice part of this research, these core concepts where clearly separated in the design of the 2d visual stimuli, making the emergent data easier to be interpreted in the forthcoming analysis. After presenting the results, assumptions will be made as to the reasons behind participants' selections, hoping to reveal the process parameters which led them in their choices that may have gone unnoticed in previous studies. Ultimately, the data and the theoretical analysis will be used to motivate a new approach to cross-modal correspondences in music, which we call the "Model of Perceptual Modalities". This model tries to define the parameters that may influence the emergent blended space between music and 2d image, also referred to as musical shape. Through this paper, we will come to understand that some parameters influencing musical shape may be universal, while other parameters are bound to linguistic and cultural specificity.
Visual representations of music
Recent investigations of graphic representations of music in relation to time have usually deployed forced-choice tasks (e.g. selecting an image from an array that best matches a sound), or free-drawing paradigms. Given their temporal nature, acoustic events -especially musical ones -are often associated with spatial-visual metaphors, blending sound with image. While we do not go into theoretical detail relevant to purely linguistic semantic discussions here, it might be worth noting that disagreements among proponents of (conceptual) metaphor, blending, metonymy and "behavioral association" approaches have been noticeable, sometimes defining entire paradigms in linguistics (Antović, Stamenković, & Figar, 2016) . Regardless of the way in which one wishes to theoretically approach the sound-image connection, empirical studies have typically indicated the following cross-modal correlations: i) pitch-height with vertical placement on an x-y plane (Rusconi, Kwan, Giordano, Umilta, & Butterworth, 2006) , ii) timbre with pattern-signs (Lipscomb & Kim, 2004) , iii) loudness (volume) with size (Brunel, 2013) , and iv) duration with horizontal length on the x-y plane (Walker, 1987) ; loudness has also been associated with verticality (Eitan, Schupak, & Marks, 2008; Kohn & Eitan, 2016) and length (Carello, Anderson, & Kunkler-Peck, 1998) . As suggested, cultural factors affect the way a sound is perceived as an image. Mental invocations of sound (and pitch in particular) vary cross-culturally (Eitan & Timmers, 2010 ; see also Merriam & Merriam, 1964; Zbikowski, 1998) . Evidence suggests that culture and other environmental influences, including exposure to cultural tools such as music notation and other graphical systems, musical training, and age, affect an individual's preference for particular visual metaphors in order to represent sound (Sadek, 1987; Walker, 1987) . The links created in forced-choice designs between sound samples and participants' preferred visualizations could potentially explain and inform creative conceptual blends (the product of integration between diverse conceptual spaces, such as music and image) which inform the visual representation of auditory stimuli varying in pitch, as depicted in the free-drawing paradigms first evident in Tan and Kelly (2004) , in which adult participants (musically trained/untrained) were asked to freely make marks to represent what they heard. As a result, participants tended to create visual representations of short musical excerpts adopting a horizontal left-to-right alignment in which musical surface (primarily pitch or loudness) was depicted with reference to an imagined vertical axis.
Blending sound and image
Visual manifestations of creative conceptual blends can be realized in a forced-choice design, as already noted in a multitude of studies. In direct relation to musical metaphors, Antović (2009) presented a series of possible cross-domain mappings, originally assuming the viewpoint of CMT. Later work embraced a blending approach, suggesting that musico-visual interactions could yield possible new mental spaces (Antović, 2011) . For instance, a musical scale going "upward" is analyzed as the blend of the intramusical Gestalt (a succession of eight pitches comprising a unified mental representation) and the extramusical image (e.g. a person walking upstairs), based on a series of image-schematic constraints present in the generic space (such as force, distance, and path, Antović, this issue). The process is "creative" by definition, as it involves an integration of disparate perceptual and cognitive modalities, from which some novel, emergent elements derive -and this kind of "amalgamation" is arguably only available to human beings (Fauconnier & Turner, 2002) . Leaving the theoretical details aside, in all these studies, pitch was linked with spatial, geometrical or kinetic parameters, such as height, horizontal movement, size and thickness, among others.
By contrast, from the field of ethnomusicology, Blacking (1974) noted that since the forms of cultural patterns of expression are acquired through social relationships, the decisive styleforming factor in any attempt to express shapes in music must be its social content. This would indicate that the links observed by Antović may not only involve a component which is innate, but also one which has emerged as a product of cultural upbringing. With regard to the assumption that blends between domains are a cultural product, it is possible to follow a potentially interesting rationale regarding the parameters that may affect the visual representation of music, based on a more recent analysis of a selection of forced-choice samples relating variations in pitch with set images (see Appendix S1 in the Supplemental Material Online section), first presented in Athanasopoulos (2013) . In that study, particular emphasis was placed on preferences in directionality, and on links between musical articulation (legato and staccato) and specific congruent/incongruent visual depictions (lines and dots respectively). The methodological approach was inspired by Roberson, Davidoff, and Shapiro's (2002) research on the cultural relativity of shape which examined whether a hypothesis proposed by Rosch (1973) was accurate. The initial hypothesis claimed that in all human cultures there is the tendency to group shapes into squares, triangles and circles. Roberson and her colleagues replicated the experiment with the Himba tribe in North Namibia, where they presented participants with a selection of eight shapes per trial and asked them to place those that they believed to be congruent in the same group, concluding that there is a tendency to categorize shapes differently according to the participants' culture. In this context, congruency in musical articulation is viewed when legato articulation is matched with continuous linear visual stimuli, while staccato articulation is matched with dotted stimuli. Similarly, congruency in the relation between pitch and space is viewed in pairing ascending pitches with visual representations following an ascending path on an x-y Cartesian axis.
At this stage it is also important to explore the possible contribution of the construct of "conceptual blends", as defined by Fauconnier and Turner (2002) . As mentioned above, these are the product of integration between diverse conceptual spaces. The employment of blending in further analyses may indeed be an appropriate interpretive development, since the visual samples with which music "matched" in the following figures presented here, drew upon the conceptual domains of i) space, indicating that variation in pitch is represented as variation in relative height, ii) movement along an axis towards the left or right, while iii) music articulation (legato is symbolized as a continuous line, whereas staccato is symbolized with dots) was guided by an attempt to translate the concept that music is an allegorical/metaphorical shape, a visual representation of cross-domain mapping between 2d culturally-specific visualizations in time and music.
Two examples from the forced-choice results
Typical theoretical interpretations of cross-domain "musical visualizations" call upon some kind of combination of "nature and nurture". For instance, staccato relates to dots and rightward movement most probably due to both "biological" and "cultural" factors: the interrupted nature of the sound stimulus itself, motivating some form of "intuitive" cross-modal connection, but also, and equally importantly, this stimulus's possible similarity with the established method of indicating the staccato articulation in WSN (see Antović, this issue) . With this duality in mind, it is of high interest to provide novel data from actual cross-cultural empirical studies, in an attempt to disentangle the possible influence of innate and cultural factors. Arguably, examples sparking more cross-cultural agreement would lean toward the "natural" motivation, whereas more diversified responses given by people from different areas and backgrounds would prompt one to take a more "relativist" stance. Accordingly, we provide two examples that seem to reflect two possibilities in this supposed "relativist/universalist continuum". The first provides a rather diversified set of responses, and the second, while inherently simpler, lists slightly more uniform participant choices. As such, the two examples suggest an interpretation according to which "universalism/relativism" in musical concept construction is hardly a binary choice, but rather a continuum hosting a variety of contextual factors, some of which we discuss in the final section. For a full set of auditory and visual samples, as well as method and procedure, see Appendix S1 (in the Supplemental Material Online section) as well as Athanasopoulos, Tan, and Moran (2016) .
The first example was based on a musical sample consisting of a melodic pattern of falling, rising and then falling chromatic semitones performed legato between G5 (783.99 Hz) and G4 (392 Hz), played by a flute as illustrated in Figure 1 .
Participant replies from the five groups (British, Japanese WM trained, Japanese traditional, Papuan WM trained and Papuan traditional) revolved around a set of four shapes from the total eight provided. These shapes varied in horizontal directionality, congruency and allegorical/metaphorical shapes, as shown in Figure 2 . Results are visualized in order of category and not based on participant preference.
Literate groups usually ignored responses that symbolized pitch alterations with dots such as ˙.˙.˙ and its retrograde image, as well as the inverted analogue representation of pitch indicated by the ΛΛ. By focusing on the shapes selected and the percentages that these hold for each group, it is observable that W -pitch is variation in height and horizontal left-to-right movement, articulation is variation in symbolic shape where legato is indicated by a continuous line -yielded the following results: it was selected by half of the British participants, one quarter of the Japanese familiar with WSN, one fifth of the Japanese traditional participants, 15% of the literate Papua New Guineans, and not present at all for non-literate ones. Apart from the "spring" and the "vortex/tower" shapes which featured highly in all groups, the "spiral" shape was statistically significant only among the Japanese and the Papuans.
The second example from the forced-choice data set corresponds to a much simpler stimulus in pitch variation performed in staccato fashion by a flute and consisting of a downwards fourth interval, followed by the same note as seen in Figure 3 . Again, pitch alteration is visualized as variation in height and horizontal left-to-right movement, whereas articulation is represented in allegorical/metaphorical shape, in which staccato is indicated by dots as seen in Figure 4 (participants' responses).
Although the time signature was common between the two examples (60 bpm), the overall duration of the second stimulus was shorter by one second. It is unclear if this may have influenced the subsequent choices. British participants and most Japanese participants familiar with WSN associated the sound with the separated dots, in support of the mapping that pitch is height and movement proceeds in a horizontal left-to-right fashion. The majority of Japanese traditional musicians also made the same association. Although articulation in Japanese Noh music (which represents the genre with which the majority of Japanese traditional participants identified) is transmitted primarily orally and not by means of a score, the markings for what would be considered as staccato, staccatissimo, marcato and portato are indicated through different symbols as in alphabetic notational music systems (based on the principle of one symbol = one pitch/sonic event) -particularly for the Noh ensemble. It has to be noted that traditional Japanese notation is by no means uniform, displaying wide variation between instruments and Schools. Literate Papuans familiar with WSN selected the same allegorical/metaphorical shapes at a statistical majority, though at a lower percentage, possibly due to the fact that WSN is not actively used in performance. It is noteworthy that no conclusive majority was formed for the Papuan traditional musicians, indicating that no response in this group was preferred.
Overall, the melodic movement example sparked quite a bit of variation among the groups in terms of the preference for the mode (most common response -W) and also strikingly resulted in no participants opting for this response in the Papuan traditional group. On the other hand, the staccato example triggered a significant preference for the same downward dotted shape in the first four groups. While indeed there was no prevalence of any response among Papuan traditional musicians here, even this fifth group at least allowed for the mode as a possibility, which was clearly not the case in the first example.
With these tendencies in mind, a provisional interpretation of the two results may lead to the speculation that the melodic pattern of falling, rising and then falling chromatic semitones in legato articulation appears to lead toward a notion of "culturally relative" conceptualization, while the staccato pattern of the downwards fourth interval followed by the same note appears to be leaning toward a cross-culturally salient, if not what possibly appears to be a "universal" conceptualization. Altogether, both factors ought to be acknowledged in any theory of crossmodal musico-visual correspondences, including one employing blending. Therefore, seemingly both universal and culturally relative elements are at play; the question is to what degree and how to disentangle the relative contribution of the two in any (musical) concept. The overall figure depicting congruent participant preferences concerning (legato/staccato) articulation is shown in Figure 5 . The light-shaded columns depict forced-choice responses by participants who associated auditory stimuli containing legato articulation with a visual stimulus which indicated pitch within a congruent image schema of linear fashion. The darkshaded columns contain participant responses that correlated auditory stimuli containing staccato articulation with a congruent visual stimulus which comprised of dots.
The research results above may now additionally call for an interpretation based on conceptual blending, with a strong role of spatial topologies in the generic space. If one hypothesizes that the visual options offered to the participants above have been based on image schemata, then deeper, and more universal underlying mechanisms of conceptualization may be postulated. For instance, even in the first example, which offers a seemingly very diverse array of responses, it may be postulated that image schemas of path and cycle lie at the basis of all four shapes. The oscillating "W" shape may emerge as circular motion on a path along the diameter on a circle's plane, the "spring" shape may come as circular motion on a path vertical to the circle's plane through its centre, the vortex/tower shape may be viewed as coming from circular motion on a path vertical to the circle's centre with the circle's radius getting smaller, and the spiral shape could be seen as circular motion with the circle's radius getting smaller. We therefore find a combination of two image schemas possibly lying beneath all four sets of responses. Interestingly for this type of interpretation, in all shapes, except the "W" shape, repetition is represented in the circularity of the shapes, so that even the British participants that have knowledge of left-to-right western notation select circular shapes in close to one half of the instances. Equally importantly, the other shapes that consist of discrete dots and lines are selected by hardly anyone (as they are not based on the hypothesized image schema family lying at the basis of this stimulus). Therefore, if cycle and path indeed motivate the four graphic representations, then again a blending interpretation can be postulated: the two image schemas would be allocated to the generic space, constraining the range of possible conceptualizations: input space 1 would contain the (same) musical stimuli, conceptualized as Gestalten, while input space 2 would provide for the particular, partly culturally-conditioned visual images, enriching the cycle + path schematic ground (e.g. the left-to-right W shape with the British, and the more directly circular options with participants from East Asia). This would, in turn, result in the final multimodal combination of music and shape in the blended space. The same process can of course be postulated for the second example, where image schemata such as full-empty, continuous-discontinuous, rough-smooth may form concepts in the generic space that enable the alignment between discrete dot shapes and staccato sound patterns. Viewed this way, both examples provided in the present paper may be interpreted as a combination of more low-level perceptual and embodied factors, and more complex, culturally-conditioned imagery. In turn, this opens up a possibility to view the interaction of universal and cultural factors not as a dichotomy, but rather a continuum. One possible theoretical model based on this conclusion is provided in the remainder of the paper.
Following the view given above, set conceptual blends between music and visual parameters actually exist, are unique, and in theory, "stable" in that they may be found across all participant groups at above chance level due to the fact that they occupy a common generic space. Therefore, conceptual blending between music and 2d shape, as postulated for a wide variety of cognitive phenomena by Fauconnier and Turner (2002) and, with regard to music, by Antović (2011) , appears to be a salient cognitive phenomenon, touching upon i) physical parameters (e.g., relative height is space, while directionality on a path is movement), which then directly motivate the construction of image schemata, ii) basic image/schematic parameters linked to cultural immersion (the connection between music articulation and set allegories/metaphors in shapes), and most likely iii) individual parameters, in what Fauconnier would interpret as conceptual information packets or mental spaces (Fauconnier, 1985) . Both Antović (2009) and Eitan and Timmers (2010) propose that musical conceptualization is potentially based on deeper perceptual and cultural modalities. However, although the input domains may be well-defined (i.e. the domain SPACE may be linked to relative pitch-height), it is often not understood how these domains arise in the first place, and postulations of abstract structures providing their "blueprints" could well be expanded to include further parameters.
A quest for process parameters and perceptual modalities
In this final section, we hypothesize a list of possible contextual factors that constrain the construction of musico-visual cross-domain correspondences in a multicultural context. First, it would appear that physiological parameters are the major determining factor in any potential blend, in terms of i) motor skills (bodily co-ordination, e.g., as presented by Cruse et al., 1995) and embodiment (Eitan & Granot, 2006; Gibbs, 2005) ; ii) optimal movements based on the anatomy of the hand and arm, motor and cognitive factors, and interactions with hand dominance (Braswell & Rosengren, 2002; Vaid, Singh, Sakhuja, & Gupta, 2002) , as well as iii) age and sex (in some studies, females were found to have broader tastes in music than males, which broadened their capabilities of blending, while compared to older listeners, younger ones exhibited greater "open-earedness" -after Hargreaves, 1982 and Tarrant, 2015) .
Second, and most importantly, the way humans understand, interpret and represent the passing of time has a similar, equally stimulative influence. The domain of time seems to be particularly interesting, as, based on strong empirical evidence, common perceptual attributes related to time seem to be heavily influenced by cultural denominators which determine how time is perceived, and then blended in the process of 2d visual representation of music -a fully temporal cognitive domain. Gentner, Imai, and Boroditsky (2002) , as well as Johnson and Larson (2003) , provided converging evidence that people use spatial metaphors in temporal reasoning. However, the key aspect affecting the representation of written information in visual form is directionality, which seems to be linked to the representation of time in one dimension of a two-dimensional space (Van Sommers, 1984) . Boroditsky (2001 Boroditsky ( , 2011 suggests that humans automatically access culturally-specific spatial representations when making temporal judgments even in non-linguistic tasks. Mandarin speakers for example, conceptualize time moving vertically top-to-bottom (V-ttb), while Westerners comprehend time as moving horizontally left-to-right (H-ltr). A third study by Fuhrman and Boroditsky (2010) similarly suggested that Hebrew participants were also creating writing-direction consistent spatial representations of time by perceiving it to move in a horizontal right-to-left manner (H-rtl).
Third, it has been observed that music may also deploy aspects that inform the domain of allegorical/metaphorical shapes affected by linguistic parameters, which seems to be linked with culture. For example Jackendoff 's (1992) viewpoint is that the spatial origin of the majority of concepts deployed by adults comes from an innate basis of possible concepts and is modulated by the contribution of linguistic and non-linguistic experience (see also Nisbett, 2003) . Research on the relativity of shape by Roberson et al. (2002) suggests that there is a tendency to categorize shapes differently according to the participants' culture. This seems to counter the Bouba/Kiki or Takete/Baluba effect (Köhler, 1947) , which has been found to apply cross-culturally (Ramachandran & Hubbard, 2001 ) and even at pre-literacy stages (Maurer, Pathman, & Mondloch, 2006) . Based on these studies, the case may be that the conceptual domain containing allegorical/metaphorical shape information in relation to sonic events could be affected by the sound-formation of (any) human vocalization and therefore may even be pre-or protolinguistic in nature. More specifically, similarities in the representation of the legato/staccato shape metaphors presented in this study could potentially be justified with the same logic behind the Buba/Kiki effect. This essentially means that the mapping between the two domains (sonic and visual) may also be non-arbitrary in nature and, following the rationale of Ramachandran and Hubbard, they may also be due to the nature of the connections that exist between sensory and motor areas of the brain hinted at earlier on in the physiological parameters section.
The fourth aspect would be broad encultured connotational parameters, or what Philip Tagg defines as Verbal-Visual Associations (VVAs). Some prime examples of these would be: i) syncopated rhythm in the waltz as a reference to Parisian culture; ii) the pentatonic scale as being referential to Asian culture; iii) a horn sound pointing towards a hunt; while iv) a snare drum would be referential to a military theme, or pastoral themes indicated by woodwind instruments (see Tagg, 2012; Monelle, 2006) . Antović (2016) introduces a "level six grounding box", which provides context for musical meaning construction on the level of individual experience. That paper, however, does not elaborate on the construct. Here we further branch this level into two factors.
The fifth one would be that of individual specific cultural parameters such as the age of music acquisition (Walker, 1987) , music proficiency (Tan, Wakefield, & Jeffries, 2009 ), communication in performance with other musicians (Moran, 2010 (Moran, , 2013 , and literacy acquisition in music (Athanasopoulos, Moran, & Frith, 2011; Küssner & Leech-Wilkinson, 2014; Küssner, Prior, Gold, & Leech-Wilkinson, 2012) . One may also add here the broader interactional (social) setting in the form of active participation within a community's musical and cultural activities (Athanasopoulos & Moran, 2013; Feld, 2012) .
Also targeting the "personal" level, the sixth and final aspect informing creative conceptual blending in music would be individual links that participants have developed between specific sound stimuli and image concepts. In fact, the auditory perception of a specific stimulus (alternate rising and falling pitch) may activate a specific concept in the mind (i.e. a downward spiral) and evoke a perception-like experience (the concept of falling), in what could be broadly defined as ideasthesia (see Gómez Milán et al., 2013) . The concept of familiarity also falls within this parameter (see Schubert, Hargreaves, & North, 2014) , as it is possible to form a mental representation just by mere exposure and become familiar with a specific auditory/visual blend, without paying conscious attention to it (Monahan, Murphy, & Zajonc, 2000; Zajonc, 1968) . Such a link is highly individualistic in nature, as exposure to concepts may also be a personal, apart from a collective, matter, and may not even deploy actual vision and be restricted only as a mental image (Walker, 1981 (Walker, , 1985 .
Model of perceptual modalities: A new approach to cross-modal correspondences in music
We may conceptualize these types of variables as points on a continuum where all domains inform each other, in the model presented in Figure 6 . Antović (2016) has based a similar model of grounding musical meaning largely on Coulson and Oakley (2005) , and claimed along the way that grounding in music is "hierarchical". In a related manner, but further refining the idea, the model of perceptual modalities proposed here also builds upon Lasswell's (1948) communication model in that there is a specific, linear start and end point depicting auditory stimuli passing through a continuum of variables as a single piece of information, which is being modified along the way. The current model is further influenced by Tagg's (1999) communication model, the simplified Reciprocal Feedback Model proposed by Hargreaves (2012) and Spreading Activation Theory (Schubert et al., 2014) . The model may be useful in describing how a musical stimulus passes through the entire continuum, activating to variable degrees some or all of the parameters which give shape and form to a visual representation of music (an output of creative conceptual blending between all aspects included in the boxes), engendering a new domain space: musical shape. Logically, the inverse could also apply (though it is yet to be proven through empirical research): the re-activation of a part of the network (e.g. the sight [perception] of a vortex or a spring) could stimulate the associated portions (e.g. the music linked to this visual event) even in the physical absence of that auditory stimulus.
It should be pointed out that due to the dynamic nature of music at least some, if not all, of these variables (or "grounding boxes", following Antović, 2016) may be found to influence the blend between music and image to various degrees and at different points of cognitive and musical development. If the influence of the above variables is of the mediating or moderating kind rather than direct, as for example the sixth and final level of individual association through personal experience and familiarity, then their level of impact may be very difficult to demonstrate, particularly in a study that involves performers originating from mixed musical disciplines and cultures. However, this rationale helps put into perspective the results of ethnomusicological, anthropological and humanistic studies. While obviously allegoric imagery in music appears to be strongly affected by physiological (i.e. in some sense "natural") parameters, as well as the perception of time, encultured participants link music with two-dimensional visual counterparts with statistically significant variations making it apparent that the creation of blends between different domains is informed by cultural conventions. Needless to say that in any research involving participants from various cultural and linguistic backgrounds, we should be particularly cautious of applying results gained from particular groups to the general population. On closer inspection, the responses of the former are in fact rather multifaceted themselves, and their diversity is only proof of how humans find distinct ways in order to achieve a similar goal: blend music with image.
The model opens the investigation of universal and culture-specific effects of visual representation in music. It is motivated i) by recent evidence in music psychology, showing that visual depictions of music in time are based upon a number of conventions grounded in more tangible domains, and ii) by research in the field of conceptual blending, exhibiting a close relationship between movement (i.e., cycle + path) and sonic events. The results presented above revealed similarities as well as differences in musical and perception-based cognitive behavior between populations that originate from different cultures with regard to their performance practice, teaching method, and use or lack of notational script. These cross-musical differences were interpreted in the light of the global patterns of behavior in the groups, which reveal a tendency among participants to rely on similar sets of parameters (grounding boxes) when making spatio-temporal judgments regardless of their language and cultural background. In this way, these findings contribute to the larger picture of the relation between music and visual imagery, suggesting that culture may impact upon but not override universal biases toward basic perceptual comprehension of auditory events.
Indeed, it is observed that in music articulation or pitch, studies show that links between these sonic qualities and their visual counterparts are not arbitrary and solely culture-driven but are motivated, at least in part, by optimality constraints for encoding the sonic spectrum (pitch in particular) in a Cartesian system of co-ordinates in time, as well as a (seemingly) universal tendency to associate lines with legato and dots with staccato articulation with variable success. This observation is all the more interesting due to the fact that representation of pitch in time in particular is of a transient nature, giving the performer freedom to interpret and represent a sonic event in many different ways, and not necessarily in a manner that is consistent with a particular set of rules featuring motion event encoding despite the overwhelming influence of WSN.
This study further contributes to the emerging view that the link between music and visual representation cannot be a one-sided affair, but it is informed from a wide variety of parameters (grounding boxes). It seems that a performer's musical background and training does not provide or constrain the ability to link sonic events to visual shapes; rather, it appears to highlight different patterns of thinking about which elements of music are considered important, and how these could be presented in a meaningful manner. Future evidence from different domains of inquiry, and from different experimental paradigms that investigate the link between music and visual imagery across the range of these boxes, will nuance further this intricate relationship.
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